FUNCTIONAL UNITS 


Unit Time 


Functional Unit (Clock Periods) Instructions 
Address integer add 2 030, 031 
Address multiply 6 032 
Scalar integer add S| 060, 061 
Scalar logical 1 042 = 051 
Scalar shift 2 052 - 055 
3 056, 057 
Scalar leading zero/pop count 4 026 
3} 027 
Vector integer add 3 154 - 157 
Vector logical 2 140 - 147, 175 
Vector shift 4 150 - 153 
Floating point add 6 062, 063, 170 - 173 
Floating point multiply 7 064 = 067, 160 - 167 
Floating point reciprocal 14 070, 174 
Memory 6 176, 177 


EXCHANGE PACKAGE 


0, 2 1012 1618 24 31 36 40 


n (7 a aes 
n+] RA “Y Wh 
| GEaw 
wx LA ew te dr 
555 Me FF?j; 
nes«[qMCUOQaerwvcxyXw. aes 
ne ij 
ee LLL MAL OE RES, 
ee ae ea 
M_- Modes* _Registers_ 
36 Interrupt on correctable S Syndrome bits 
IMUMtoESy Eve HoRe RAB Read address for error 
37 Interrupt on floating point (where B is bank) 
38 Interrupt on uncorrectable P Program address 
MEMO CY AenLOP BA Base address 
39 Monitor mode LA Limit address 
FE - Flaast XA Exchange address 


31 Console interrupt Pe avec colrah eng 


32 RIC interrupt E - Error type (bits 0,1) 
33 Floating point error 10 Uncorrectable memory 
34 Operand range 01 Correctable memory 


35 Program range 


36 Memory error R_- Read mode (bits 10,11) 
37 1/0 interrupt 00 Scalar 
38 Error exit 01 1/0 
39 Normal exit 10 Vector 
11 Fetch 


TBit position from left of word 
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INSTRUCTION BUFFERS 


NUL 
SOH 
STX 
ETX 
ROT 
INQ 
ACK 
BEL 
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Space 
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047 
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070 
O71 
072 
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074 
075 
076 
077 


CHARACTER SET 


12=0-9-8 1 
12-9-1 
IO) 77 
12-955) 
9-7 
0-9-8-5 
0-9-8-6 
0-9-8-7 
11-9-6 
12-9-5 
0-9-5 
IW) yas 
12-9-8-4 
12-9-8-5 
I2=9=8-6 
12-9-8-7 
12-11-9-8-1) 
ibse)eat 
Tg =2 
11-9-3 
4-8-9 
9-8-5 
9-2 
0-9-6 
11-9-8 
11-9-8-1 
9-8-7 
0-9-7 
11-9-8-4 
11-9-8-5 
11-9-8-6 
11-9-8-7 
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0-8-3 
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175 
176 
typi 


8-4 
2 
ez 
TZ=3 
12-4 
2255 
12-6 
T2=7 
12-8 
TZ-9 
del 
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113 
11-4 
abd 
11-6 
lei: 
11-8 
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12-0-3 
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12-11-4 
Wea =5 
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LeeLl-7 
12-11-8 
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11-0-6 
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TS ORd 
U2=9-7, 


ee . - 
7 ee ee 


Se 


—— 


Integer constant 


. fraction Dn E 
Etn Numeric data 
, + NUM EELS RCs 
' JE C4 tant but may be preceded 
jot [integer] ) nae ea as coe y be p 
X Con by sign {3 
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DATA FORMATS 


i) 25 


SIGN 


2's COMPLEMENT INTEGER (24 BITS) 


i) 63 
SIGN 


2's COMPLEMENT INTEGER (64 BITS) 


BINARY POINT 


\- a | (5 16 63 


SIGN EXPONENT COEFFICIENT 


SIGNED MAGNITUDE FLOATING POINT (64 BITS) 


CONSTANT AND DATA NOTATION 


Character constant 


A H 
c{ {character string'] | 
E R 


Character data 


FATAL ERRORS 


Name, symbol, constant or data item error 

Double defined symbol or duplicate parameter name 
Definition or conditional sequence illegally nested 
Too many entries or entry missing 

Instruction placement error 

Location field error 

Relocatable field error 

Operand field error 

Programmer error 

Result field error 

Syntax error 

Type error 

Undefined symbol or operation 

Register expression or field width error 
ixpression error 


WARNING ERRORS 


Location field symbol ignored 

Bad location symbol 

Expression element type error 

Possible symbolic machine instruction error 


Truncation error 
Location field symbol not defined 
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INSTRUCTIONS 


\ 4044130 Si Sj&SB Sign bit of (Sj) to Si 
Toe ee EMRE” Sey ge ger ETS | #0443450 Si SBESj Sign bit of (Sj) to Si (j#0) 
- At F045ijk Si #Sk&Sj Logical product of (Sj) and 1's 
000xxx ERR EYTror exit fait complement of (Sk) to Si 
TOO00ijk ERR exp Error exit \ +0451j0 Si #SBESj (Sj) with sign bit cleared to Si 
O010jk CA,Aj AK Ls a eee to y 046ijk Si Sj\Sk Logical difference of (Sj) and (Sk) to Si 
, 4 ‘ ae +046ij0 Si Sj\SB Toggle sign bit of Sj, then enter into Si 
wo oo eden ete wan | NS RN Sl iS ho 
: ‘ % | O47ijk Si #Sj\Sk Logical equivalence of (Sk) and (Sj) to Si 
ph aeee Bo: a Eater ences ten wath AI) (ft +04710k Si #SKk Transmit 1's complement of (Sk) to Si 
ee - e ae oe cae a aes Wee i 40471j0 Si #SjNSB Logical equivalence of (Sj) and sign 
BG ransmi ) register i bit to Si 
70020x0 VL 1 Transmit 1 to VL register f 4047130 Si #SB\S} Logical equivalence of (Sj) and sign 
0022xx EFI Enable interrupt on floating point error bit to Si (j#0) 
0022xx DFI Disable interrupt on floating point error { 7047400 Si #SB Enter 1's complement of sign bit into Si 
003xjx VM Sj Transmit (Sj) to VM register O50ijk Si Sj!Sig§Sk Logical product of (Si) and (Sk) complement 
FOO3x0x VM 0 Clear VM register ae my tis ORed with Sep saci gs (Sj) and (Sk) to Si 
004xxx EX Napuraescce Qheltors +O0501j0 Si Sj:SigSB Sseres merge of (Si) and sign bit of (Sj) 
Ore eae Nose incre OS1ijk Si Sj!Sk Logical sum of (Sj) and (Sk) to Si 
O0Sxjk J Bik Jump to (Bjk) #051i0k Si Sk Transmit (Sk) to Si 
Seas exe Jump to exp #051ij0 Si Sj!SB Logical sum of (Sj) and sign bit to Si 
COIS SAP Return jump to exp; set BOO to P #051130 ‘Sil SBISj Logical sum of (Sj) and sign bit to Si (j#0) 
ES ay Baca Sosa ey aia (AU a= 0 #051100 Si SB Sieae Galen tla tenor we 
ess Ey &X2 Branch to exp af (AQ) # - > OS2ijk $0 Si<exp Shift (Si) left exp = jk places to S0 
012ijkm JAP exp Branch to exp if (A0) positive 0534jk So Si>exp Shift (Si) right exp = 64-jk places to SO 
OMS LE usp Branch to exp if (AQ) negative ti 054ijk Si Sicexp Shift (Si) left exp = jk places 
or ee exe POOR OTL 5 GES as O5Sijk Si Si>exp Shift (Si) right exp = 64-jk places 
CaS etter ae xD Branch to exp if (S0) # 0 056ijk Si $i,Sj<Ak Shift (Si and Sj) left (Ak) places to $i 
ete) Pos 2 Branches rove 26 (30) positive: (wegisten | imate || | “dReay0) “53 Si,Sj<1 Shift (Si and Sj) left one place to $i 
a eee ae ee ee eee 
O21lijkm ( Ai exp Transmit exp = 1's complement Mead (A0) aah ce Soe tg phase oH eng St) ied GAS) paeees : ia 
of jkm to Ai Ai, j=0 0 Hy ijo Si Sj,Si>1 Shift (Sj and Si) right one place to 52 
022ijk Transmit exp = jk to Ai Ak, k=0 1 \ +057i0k Si Si>Ak Shift (Si) right (Ak) places to Si 
DA Galyprc Nat Sj Transmit (Sj) to Ai Si, i=0 (SO) j 060ijk Si Sj+Sk Integer sum of (Sj) and (Sk) to Si 
O24ijk Ai Bjk Transmit (Bjk) to Ai Si, Jee o 4 OGtaie +S Sj-Sk Integer difference of (Sj) and (Sk) to Si 
025ijk Bjk Ai Transmit (Ai) to Bjk Sk, k=0 263 | +061i0k Sat ~Sk Transmit negative of (Sk) to Si 
026ijx Ai PSj Population count of (Sj) to Ai if O62tk Sa Sj+FSk Floating sum of (Sj) and (Sk) to Si 
027130 Ai ZSj Leading zero count of (Sj) to Ai Hi +062i0k Si +FSk Normalize (Sk) to Si 
O30ijk Ai Aj+Ak Integer sum of (Aj) and (Ak) to Ai Hf 063ijk Si Sj-FSk Floating difference of (Sj) and (Sk) to Si 
+030i0k Ai Ak Transmit (Ak) to Ai I +063i0k Si -FSk Transmit normalized negative of (Sk) to Si 
+0304j0 Ai Ajt+1 Integer sum of (Aj) and 1 to Ai 064ijk Si Sj*FSk Floating product of (Sj) and (Sk) to Si 
OS51ijk Ad Aj-Ak Integer difference of (Aj) less (Ak) to Ai { CGS ate Sa Sj*HSk Half precision rounded floating product 
031400 Ai el Transmit -1 to Ai || G Oe eae She stele) Sores 
03110k Ai -Ak ‘Transmit the negative of (AK) to Ai i apenas OPS San aaa ee 
031ij0 Ai Aj-1 Integer difference of (Aj) less 1 to Ai i O67ijk Si Sj*ISk 2 - Floating product of (Sj) and (Sk) to Si 
O32ijk Ai Aj *Ak Integer product of (Aj) and (Ak) to Ai O70ijx Si /HS5 Floating reciprocal approximation of 
O35i0x Ai cI Channel number to Ai (j=0) (Sj) to Si 
O55ij0 Ai CA, Ag Address of channel (Aj) to Ai (j#0; k=0) 071i0k Si Ak Transmit (Ak) to Si with no sign extension 
033ij1 Ai CE,Aj Error flag of channel (Aj) to Ai (#0; k=1) | 071i1k Si +Ak Transmit (Ak) to Si with sign extension 
O34ijk BjK,Ai AO Read (Ai) words to B register jk from (Ao) |) © O7 442k Si +FAK ae oe 
ae Bjk,Ai Hae Read G2) words to B Peeisbex UR from (A0) | O7143x Si 0.6 Transmit constant 0.75*2**48 to Si 
ijk ,A0 Bjk,Ai Store (Ai) words at B register jk to (A0) |! ayhiniee ee ff : ; Rhy A 
TO035ijk 0,A0 Bjk,Ai Store (Ai) words at B register jk to (A0) 1 07145x = se baa ta say oe fi we 
036ijk Tik,Ai  ,A0 Read (Ai) words to T register 4k fyom (AO) vias i ker ike Take we 
t036ijk Tjk,Ai 0,A0 Read (Ai) words to T register jk from (AQ) ine ae : TERS GOA E sapere pi ge tee 
037ijk ,A0 TjkK,Ai Store (Ai) words at T register jk to (A0) eae = i aes POUT ae eek 
ye i P : : : ' 072ixx Si RT Transmit {RTC) to Si 
t037ijk 0,A0 Tjk,Ai Store (Ai) words at T register jk to (A0) i} O7S4xx Si ‘ in a 
040i5km ) Transmit jkn to Si re ep A spo, cae 
0414jkn hss exp Fa aa Ne ; ; } Ores ee Tik Transmit (Tjk) to at 
p 1's complement of jkm to Si | O75ijk Tjk Si Transmit (Si) to Tjk 
042ijk = nos Hoa meets exp = 64-jk bits in Si from | O76ijk Si Vj ,Ak Transmit (Vj, element (Ak)) to Si 
e rig O7744k : g fs : ; a 
ssi) Steer kine | ee he aera 
ee SS ot Enter -1 into Si | LOhijkm Ai exp, Ah Read from ((Ah) + exp) to Ai (A0»0) 
043ijk Si >€Xp Form 1's mask exp = jk bits in Si from i ‘ z i a ; 
SF #<exp ERS eRe i} T1LO0ijkm Ai exp , 0 Read from (exp) to Ai 
043100 Si 0 Clear Si y) 4100ijkm Ai exp, Read from (exp) to Ai 
04445k oy $j €Sk PepHerenscuee of (Si). aid (sk) Be ei +10hi000 Ai ,Ah Read from (Ah) to Ai 
+ Special syntax form : x = Field not used by hardware; assembler 
++ Privileged to monitor mode } generates zero in this position. 


1ihijkm exp,Ah Ad Store (Ai) to (Ah) + exp (A0=0) PSEUDO INSTRUCTIONS 
t1L0ijkm exp,0 Ai Store (Ai) to exp i) 
t110ijkm exp, Aj Store (Ai) to exp 
+11hi000 ,Ah Ai Store (Ai) to (Ah) CONDITIONAL ASSEMBLY 
12hijkm 84 exp ,Ah Read from ((Ah) + exp) to Si (A0=0) PRUE eh NU Wea Wey: eco 
4120ijkm S4 exp, 0 Read from exp to Si IDENT IFA att, exp,count 
5 rey na 3 ifnane FE 22P),0p,expo 
t120ijkm Si exp, Read from exp to Si END IFE  exp),0p,expo, count 
; * : ABS xp, nestor ime Mc nearer ] 
t12hi000 & A} é fons 4 ifname IFC ‘string’, op, 'strings relocatable 
- : “a BRE Bien CEC ot COMMENT OG , IFC 'strtng,',op, 'strings', count absolute 
13hijkm exp,Ah $i Store (Si) to (Ah) + exp (A0=0) ifname SKIP count common 
+t130i7k »xp,0 Si ‘ Si ifname ENDIF defined 
Hh hese exp, Sy Store t+) to exp ae ELSE SET-defined 
+130ijkm exp, $4 Store (Si) to exp register 
+13hi000 ,Ah $i Store (Si) to (Ah) BLOCK CONTROL Gok ES Lan 
ld0ijk Vi Sj) 4Vk Logical products of (Sj) and (Vk) to Vi BLOCK 
4140100 Vi 0 Clear Vi COMMON CODE DUPLICATION 
141ijk Vi Vj aVk Logical products of (Vj) and (Vk) to Vi ORG 
4 : F symbol BSS dupname DUP times 
142djk Vi 84 1Vk Logical sums of (Sj) and (Vk) to Vi LOC DUP een One 
+1d2i0k Vi Vk Transmit (Vk) to Vi aa dupnome ECHO e1=(List;),e7=(listy),...e,=(list,,) 
143ijk Vi Vjtvk Logical sums of (Vj) and (Vk) to Vi Oe SO GERE 
l44ijk Vi 8j\Vk Logical differences of (Sj) and (Vk) to Vi 
W4sijk vi Vi\Vk Logical differences of (Vj) and (Vk) to Vi LOADER LINKAGE LISTING CONTROL 
L4oajk Vi Sj 1 VKqVM Transmit (Sj) if VM bit = 1; (Vk) if ENTRY name ,names,...,name, 
VM bit = 0 to Vi EXT symy,symz,...,eym "| "ame LIST P130P29---P, 
aan F nyt, : START name He SPACE count 
+146i0k Vi WVMGVK Vector merge of (Vk) and 0 to Vi EJECT 
147ijk Vi Vit VKaVM Transmit (Vj) if VM bit = 1; (Vk) if | ] MODE CONTROL ae : pe. 
VM bit = 0 to Vi SUBTITLE ‘string 
150ijk Vi Vj<Ak Shift (Vj) left (Ak) places to Vi ‘BASE 0 or DorM 
+1504j0 Vi Vj<1 Shift (Vj) left one place to Vi } QUAL qualt fication acinar 
L51ijk Vi Vj>Ak Shift (Vj) right (Ak) places to Vi ERROR CONTROL 
TSO evan Vjri Shift (Vj) right one place to Vi symbol = exp, att 
152ijk Vi Vj, Vj <Ak Double shift (Vj) left (Ak) places to Vi eod Seek symbol SET exp, abt 
t152i50 Vi Vj ,Vj<l Double shift (Vj) left one place to Vi wer aeeuane até: P op W or Y or blank 
Ss : F : “ 3 c : op: 
153ijk Vi Vj, Vj 7Ak Double shift (Vj) right (Ak) places to Vi code: see Fatal or Warning Errors 
Issa i) Vi Vj,Vjrl Double shift (Vj) right one place to Vi DATA DEFINITION 
is4ijk Vi §j+Vk Integer sums of (Sj) and (Vk) to Vi MICROS 
15Sijk Vi Vj+Vk Integer sums of (Vj) and (Vk) to Vi name MICRO latring', emp), expo eee coe me ate LEC 
’ Soe ) 
IS6ajk Vi Sj-V Integer differences of (Sj) and (Vk) to Vi ied tea ee symbol DATA data,,datar,...,data, 
+15640k Vi -Vk Transmit negative of (Vk) to Vi name  OCTMIC emp, count Boe MN 11/CHD1 sM2/ CED a5» «+ sTy/ Py 
ney ee 4 name  DECMIC emp, count Pao! NED (emp 1472/25. « sPrn/ exp, 
Wsyfatphe heal Vj-Vk Integer differences of (Vj) and (Vk) to Vi 3 Ps J REP et, swa, ine, bez aan 
VG /0/55) nea Sj*FVK Floating products of (Sj) and (Vk) to Vi 
tuefalinh pts Neal Vj*FVk Floating products of (Vj) and (Vk) to Vi MACRO DEFINITION OPDEF DEFINITION 
LO. 2a 7 ava Sj *HVk Half precision rounded floating products | MACRO Waey APOE 
of (Sj) and (Vk) to Vi tip el P1sP29-++sP,5€1=1,€9=do,.. lfp  synres synop 
163ijk Vi Vj*HVk Half precision rounded floating products ; STM opin SUITES Oe Na LOCAL symys-.-56Yft 
ij al J Be (vi) and: (Vioto We Ln FSH (body of definition) a (body of definition) 
name 
164ijk Vi Sj*RVk Rounded floating products of (Sj) and , 
(Vk) to Vi name, OPSYN names 
MOS avi Vj*RVk Rounded floating products of (Vj) and 
(Vk) to Vi 
166ijk Vi Sj*1IVk 2 - floating products of (Sj) and 
(Vk) to Vi 
167ijk Vi Vj *IVK 2 - floating products of (Vj) and j 
(Vk) to Vi 
L70ijk Vi Sj+FVk Floating sums of (Sj) and (Vk) to Vi | CAL CONTROL STATEMENT 
+170i0k Vi +FVK Normalize (Vk) to Vi 
LIAS ove Nhe ERO NE SUIS ePIC) IES CSI OR ge CAL (ABORT ,B=bdn ,E=edn ,I=idn,L=1dn ,LIST=name ,S=sdn options) 
172ijk Vi Sj-FVk Floating differences of (Sj) and (Vk) to Vi 
+17210k Vi -FVK Transmit normalized negatives of (Vk) to Vi 
VES Vin Vj -FVk Floating differences of (Vj) and (Vk) to Vi )} ABORT omitted Do not abort IE omitted List output on $OUT 
ium 4 F : ‘ 2 : ABORT Abort on assembly L=0 No list output 
174ijx Vi /HVj Floating reciprocal approximations of BATE feidn List output on Idn 
(Vj) to Vi 
q i ids Argh | B omitted Binary on $BLD LIST omitted All LIST pseudos 
175xj}0 VM Vj ,2 VM=1 where (Vj) = 0 | B=0 No binary activated 
17Sxjl1 VM Vj,N VM=1 where (Vj) # 0 B=bdn Binary on bdn LIST=name Be us name not 
175xj2 VM Vj ,P VM=1 where (Vj) positive E omitted No error listing ; agnone 
= ay Sree ; p E Error list on $OUT Ss omitted $SYSTXT 
75>), S iM Vj,M VM=1 where (Vj) negative I E=edn Error list on edn, S=0 No system text 
176ixk Vi ,A0,Ak Read (VL) words to Vi from (A0) unless edn=Idn, S=sdn System text on sdn 
incremented by (Ak) EDeneno ean options: See LIST pseudo 
Falli7 OgecON Vee ,A0,1 Read (VL) words to Vi from (AQ) I omitted Source on $IN 
incremented by 1 I=idn Source on idn 
177Xjk yAO,AK Vi Store (VL) words from Vj to (AQ) 
incremented by (Ak) 
é E. f ; HEADQUARTERS 
t177xj0 ,A0,1 Vj Store (VL) words from Vj to (A0) 7850 Metro Parkway, Suite 213, Minneapolis, MN 55420 
incremented by 1 (612) 854-7472 
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